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As one problem in our study of the interaction of sound with flow in ducts, we are
considering the absorption, reflection, and transmission of sound at a side-branch cavity
in a duct with flow. In the experiments a sound pulse is produced in the duct from a
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sound source that can be either on the upstream or the downstream side of the cavity.
In either case the incident and reflected sound from the cavity is measured by means of
microphones mounted in the side wall of the duct, and the frequency dependence of the
pressure reflection coefficient is determined for different values of the flow Mach num-
ber in the duct and for different values of the amplitude of the sound wave.
The result at zero flow is shown in Fig. XI-1, which shows a typical resonance
curve, with the peak corresponding to a wavelength approximately equal to four times
the depth of the side-branch cavity, as expected. The width of the curve is an expression
of the acoustic losses in the vicinity of the cavity. In the presence of flow the results
depend on whether the sound is reflected upstream or downstream. In the upstream
direction the pressure reflection coefficient can be larger than unity, as indicated in
Fig. XI-1. Also, note that the peak of the curve is now shifted downward and the width
of the curve has decreased. The corresponding curve when the sound is reflected in the
downstream direction is also shown in Fig. XI-1.
A detailed theoretical explanation for this behavior is still not available. Considered
qualitatively, the reason for the increased sharpness of the resonance curve is probably
that the cavity is excited into self-oscillation by the flow, in which case the total internal
resistance is reduced. Similarly, the reason for a pressure reflection coefficient larger
than unity in the upstream direction is probably the same as that given in our previous
paper on upstream and downstream radiation into a duct with flow.1 A theoretical analy-
sis of this problem is under way, which we hope to report in a subsequent quarterly
report.
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B. ACOUSTICALLY STIMULATED KARMAN VORTEX
SHEDDING IN A TUBE
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In our continuing studies of sound propagation in ducts with flow, we are particularly
interested in the interaction between sound and flow. One of the aspects of this interac-
tion was discussed in Quarterly Progress Report No. 109 (pp. 39-47) which dealt with
the attenuation of sound resulting from turbulence. We now describe an experiment
dealing with an acoustically induced instability resulting from the interaction between
the wake behind a cylinder and the first transverse acoustic mode in a pipe.
Thus far, we have considered only a circular pipe containing a cylinder transverse
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to the axis of the pipe. As the flow speed in the duct is increased to a value where the
Karman vortex shedding frequency is coincident with the first transverse mode, strong
coupling between the wake and the sound field occurs, thereby resulting in self-sustained
screech at a frequency equal to the cutoff frequency of the mode. This effect, which has
been observed earlier in a rectangular tube,l'2 is poorly understood. The purpose of
our studies is to determine the conditions under which screech is observed and to inves-
tigate the aeroacoustic coupling mechanism quantitatively.
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Fig. XI-2. Acoustic coupling between the wake behind a cylinder in a duct
and the first transverse acoustic mode of the duct.
In Fig. XI-2 we have plotted the first cutoff frequency as a function of Mach number.
We have presented two curves, one referring to the average Mach number in the duct
and the other to the "local" Mach number in the vicinity of the cylinder. Also shown is
the velocity dependence of the Karman vortex frequency, based on a Strouhal number
of 0. 21. The observed screech frequencies are found to be close to the intersection
between the curves, that is, when the Karman vortex frequency coincides with the
acoustic cutoff frequency. Actually, the observed data points lie somewhere between
the cutoff frequency based on the local Mach number and the duct Mach number. Similar
results have been obtained also for a cylinder 1/2 inch in diameter in a 1-inch pipe.
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The pure tone that is produced is very intense. We have measured levels as high as
115 dB outside the pipe, which is -30 dB larger than the overall flow noise. Included in
our continued studies of this effect is a theoretical analysis of the problem, as well as
further experiments not only with rigid but also with acoustically "soft" cylinders.
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